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Description 

FIELD OF THE INVENTION 

The present invention relates to a torque mea- 
suring device and particularly to a torque measur- 
ing device capable of non-contact measurement of 
torque in the shafts of engines, motors, industrial 
machines and the like. 

BACKGROUND OF THE INVENTION 

This type of torque measuring device is dis- 
closed in Japanese Patent No. 169326. In this 
device, a shaft having soft magnetic and mag- 
netostrictive properties is formed on its outer pe- 
riphery with a pair of knurled regions inclined in 
opposite directions to form angles of 45 degrees 
with respect to the axis of rotation of the shaft, 
each knurled region having an exciting coil and a 
detecting coll wound along the outer periphery 
thereof. 

According to such arrangement, the knurled 
regions provide magnetic anisotropy, and a change 
In permeability occurring in each knurled region 
according to transmission torque is detected by the 
detecting coil. At this time, when a compressive 
force acts on one of the knurled region in the 
knurling direction, a tensile force acts on the other 
knurled region since the knurled regions are in- 
clined in opposite directions. As a result, the detec- 
tion voltage on one of the detecting coils increases 
with increasing torque while the detection voltage 
on the other detecting coil decreases. If the detec- 
tion voltages on these detecting coils are, sub- 
tracted one from the other a torque detection volt- 
age indicating a change in torque can be obtained. 

Another conventional torque detecting device is 
disclosed in Japanese Patent Application Laid- 
Open Specification No. 59-166827. In this device, 
instead of forming the knurled regions shown in 
aforesaid Japanese Patent No. 169326. amorphous 
soft magnetic layers inclined in opposite directions 
are formed on the surface of a rotary shaft by 
bonding, plating or the like. According to such an 
arrangement, measurement of torque is also possi- 
ble on a shaft having no magnetostrictive property. 

With these conventional arrangements, how- 
ever, the balance of detection voltages outputted 
from the two detecting coils with no transmission 
torque being imposed tends to change owing to 
temperature changes and time-dependent changes. 
This is due to changes in magnetic properties 
(permeability and magnetostriction factor) of the 
material of the shaft and changes in iron loss 
caused by magnetic lines passing through the shaft 
surface and variations in the quality of exciting 
coils, detecting coils and magnetic layers on the 



shaft according to material and manufacture. As a 
result, the sensitivity, the zero point (output value 
when the torque is zero) and the like changes, 
causing error in measured torque values. Patent 
5 Abstracts of Japan, vol. 12. No. 66 (P-671)(2913). 
27/02/88; Pub. No. 62-206421 describes a device 
for measuring torque applied on a nonmagnetic 
shaft using a pair of detecting coils (CI ,C2) and a 
pair of correcting coils (03,04). 

10 

DISCLOSURE OF THE INVENTION 

With the above in mind, an object of the inven- 
tion is to prevent errors from being produced in 

75 measured torque values owing to changes in the 
balance, zero point and sensitivity. 

To achieve this object, the present invention is 
directed to an arrangement comprising: 

torque detecting means having first and sec- 

20 . ond torque detecting magentically anisotropic re- 
gions foirmed on the outer peripheral surface of a 
torque transmitting shaft and provided with mag- 
netic anisotropy such that the regions are inclined 
in opposite directions to form angles with respect 

25 to the axis of rotation of said shaft, and first and 
second detecting coils capable of detection 
changes in permeability in the torque detecting 
magnetically anisotropic regions, 

exciting coils provided for respective detecting 

30 coils and correcting coils, and 

correcting means having first and second cor- 
recting magnetically anisotropic regions, with mag- 
netic anisotropy imparted thereto in a direction 
parallel with the axis of rotation of said shaft, 

35 formed on the outer peripheral surface of said shaft 
in the vicinity of said first and second torque de- 
tecting magentically anisotropic regions, and first 
and second correcting coils capable of detecting 
changes in permeability in the correcting mag- 

40 netically anisotropic regions. 

According to such arrangement, the correcting 
magnetically anisotropic regions have magnetic an- 
isotropy imparted thereto in a direction parallel with 
the axis of rotation of the shaft, and the outputs 

45 from the correcting coils are hardly influenced by 
the torque in the shaft; thus, only those outputs 
which are related to permeability and magnetostric- 
tion factor can be delivered. Since such correcting 
magnetically anisotropic regions and correcting 

50 coils are installed in the vicinity of the torque 
detecting magnetically anisotropic regions and de- 
tecting coils, respectively, different errors can be 
separated from the torque detection data and then 
corrected. 

55 A second aspect of the invention is directed to 

an arrangement comprising: 

torque detecting means having first and sec- 
ond torque detecting magnetically anisotropic re- 
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gions formed on the outer peripheraf surface of a 
torque transmitting shaft and provided with mag- 
netic anisotropy such that the regions are inclined 
In opposite directions to form angles with respect 
to the axis of rotation of said shaft, and first and 
second detecting coils capable of detecting 
changes in permeability in the torque detecting 
magnetically anisotropic regions, and exciting coils 
provided for respective detecting coils and correct- 
ing coils, and 

correcting means having a correcting shaft 
separate from said torque transmitting shaft and 
free from load, and first and second correcting 
coils, installed around the correcting shaft, 

wherein said correcting means having substan- 
tially the same magnetic properties as said torque 
detecting means and installed in the vicinity of said 
torque detecting means. 

According to such arrangment, the correcting 
shaft is never loaded since it is separated from the 
torque transmitting shaft. Therefore, by detecting 
the outputs from the two correcting coils and con- 
trolling an exciting AC source so as to make their 
detection voltage constant, the various errors oc- 
curring at the time of torque detection and caused 
by temperature changes and time-dependent 
changes can be corrected while being hardly influ- 
enced by torque signal. 

A third aspect of the invention is directed to an 
arrangement comprising: 

a torque detecting magnetically anisotropic re- 
gion provided with magnetic anisotropy such that 
the region is inclined to form an angle with respect 
to the axis of rotation of a torque transmitting shaft, 
a correcting magnetically anisotropic region 
formed on the outer peripheral surface of the shaft 
in the vicinity of the torque detecting magnetically 
anisotropic region and provided with magnetic an- 
isotropy in a direction parallel with the axis of 
rotation of the shaft, 

a detecting coil and a correcting coil installed 
along said torque detecting magnetically an- 
isotropic region and said correcting magnetically 
anisotropic region, respectively, including a detec- 
tion-purpose exciting coil associated with the de- 
tecting coil and a correction-purpose exciting coll 
associated with the correcting coil, and 

means for controlling the exciting voltage ap- 
plied to said exciting coil of the correcting coil to 
ensure that the measured data provided by said 
correcting coil is equal to a certain reference value 
and for controlling the exciting voltage applied to 
said exciting coil for said detecting coil correspond- 
ingly to the control of said exciting voltage of the 
exciting coil of the correcting coil. 

According to such arrangement, since the ex- 
citing voltage for the correcting coil is controlled so 
that the measured data Is equal to a certain refer- 



ence value and since the exciting voltage for the 
detecting coil is controlled in conjunction therewith, 
the detection sensitivity is kept at a constant level. 
As a result, the gradient of the detection voltage 

5 and the output level under constant torque load are 
kept constant; thus, the torque detecting sensitivity 
is prevented from changing. In this case, since the 
correcting magnetically anisotropic region is 
formed to extend parallel with the axis of the shaft. 

10 the output from the correcting coil is not influenced 
by the torque acting on the shaft. Therefore, the 
measured data provided by the correcting coil is 
controlled to a constant value irrespective of the 
presence and amount of the torque load on the 

75 shaft and time-dependent changes and tempera- 
ture changes in the magnetic properties of the 
shaft; thus, the detecting coil sensitivity Is main- 
tained at a constant level. 

A fourth aspect of the invention has been made 

20 object of a divisional application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of a torque measuring 
26 device according to a first embodiment of the 
invention; 

Fig. 2 Is a block diagram showing the torque 
measuring device of Fig. 1 together with an 
electronic circuit for torque measurement; 
30 Fig. 3 is a graph showing detected voltages 
from detecting coils when there is no error; 
Fig. 4 Is a graph showing a torque signal based 
on Fig. 3; 

Fig. 5 is a graph showing detected voltages 
35 when the balance between the torque detecting 
regions is upset; 

Fig. 6 is a graph showing a torque signal based 
on Fig. 5; 

Fig. 7 is a graph showing detected voltages 
40 obtained with a predetermined sensitivity; 

Fig. 8 is a graph showing detected voltages 
when the sensitivity changes; 
Fig. 9 is an operation timing chart for the circuit 
shown in Fig. 2; 
45 Fig. 10 is a diagram showing the arrangement of 
a torque measuring device according to a sec- 
ond embodiment of the invention; 
Fig. 11 is a view showing the principal portion of 
the shaft shown in Fig. 10 and periphery thereof; 
50 Fig. 12 Is a view showing the arrangement of a 
torque measuring device according to a modi- 
fication of the second embodiment of the inven- 
tion; 

Fig. 13 is a view showing a torque measuring 
55 device according to a third embodiment of the 
invention; 

Fig. 14 Is a view showing the principal portion of 
the shaft shown In Fig. 13 and periphery thereof; 
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Fig. 15 is a graph showing, by way or example, 
detected voltages obtained by the device shown 
in Fig. 13; and 

Fig. 16 is an operation timing chart for the 
device of Fig, 13. 

DESCRIPTION OF THE EMBODIMENTS 
FIRST EMBODIMENT 

In Fig. 1, the numeral 11 denotes a torque 
transmitting the output of an engine to a working 
apparatus. The outer peripheral surface of the shaft 
11 is formed with torque transmitting magnetically 
anisotropic regions 12 and 13 provided with mag- 
netic anisotropy such that it is inclined in opposite 
directions to form angles of 20-60 degrees, prefer- 
ably 45 degrees with respect to the axis of rotation 
of the shaft 11, and axially spaced a predetermined 
distance from each other. These detecting mag- 
netically anisotropic regions 12 and 13, as de- 
scribed above, can be formed by knurling the outer 
peripheral surface of the shaft 11 or by forming 
amorphous ferromagnetic layers on the surface of 
the shaft 11 by bonding, plating or other method. 

At positions axially spaced from each other and 
across said torque detecting magnetically an- 
isotropic regions 12 and 13, there are provided 
correcting magnetically anistropic regions 14 and 
15 formed on the outer peripheral surface of the 
shaft 11 in the vicinity of said torque detecting 
magnetically anisotropic regions 12 and 13. These 
correcting magnetically anisotropic regions 14 and 
15 are provided with magnetic anisotropy in a 
direction parallel with the axis of rotation of the 
shaft 11 and are created by the axial magnetic 
anisotropy formation using the same process, such 
as knurling or amorphous layer formation, as in the 
torque detecting magnetically anisotropic regions 
12 and 13. 

Exciting coils 16, 17. 18 and 19 are positioned 
around the outer peripheries of the magnetically 
anisotropic regions 12. 13. 14 and 15. Disposed on 
the respective outer sides of the exciting coils 16. 
17. 10 and 19 are detecting coils 20 and 21 asso- 
ciated with the torque detecting magnetically an- 
isotropic regions 12 and 13 and correcting coils 22 
and 23 associated with the correcting magnetically 
anistropic regions 14 and 15. The numeral 24 de- 
notes a core made of a ferromagnetic material 
such as silicon steel sheet or ferrite and defining a 
passage for magnetic flux and also serving as a 
casing for accommodating the coils 16 through 23. 

Fig. 2 shows a torque measuring circuit. In this 
figure, the numeral 25 denotes an oscillator con- 
nected to a first AC power source 26 in the form of 
a power amplifier. Connected to the output terminal 
of the oscillator 25 in parallel with the first power 



source 26 is the input terminal of a second power 
source 27 also in the form of a power amplifier. 
The exciting coils 16 and 18 are combined in 
series and connected to the second power source 

5 27. while the exciting coils 17 and 19, also con- 
nected in series, are connected to the first power 
source 26. The detecting coils 20 and 21 and the 
correcting coils 22 and 23 are connected to a CPU 
40 respectively through rectifiers 29. 30, 28 and 31 . 

70 filters 33, 34, 32 and 35 each formed of a resistor 
and a capacitor, and AD converters 37. 38. 36 and 
39 

A power source cut-off signal line 41 for cutting 
off the outputs of the two power sources 26 and 27 
76 is connected, together with an DA converter 42. to 
the CPU 40. Also connected to the CPU 40 are 
power source controlling signal lines 43 and 44 for 
adjusting the amplification factors of the power 
amplifiers constituting the two power sources 26 
20 and 27 to control their outputs. The numerals 45 
and 46 denote DA converters placed in the signal 
lines 43 and 44. The numeral 47 denotes a refer- 
ence value setting device adapted to transfer a 
reference value Es digitally set or software-wise set 
25 to the CPU 40. Further, the CPU 40 has a timing 
circuit 48 connected thereto to set the operation 
timing for the present circuit. The numeral 49 de- 
notes an output terminal of a torque signal. The 
numerals 50. 51 and 52 denote manual switches 
30 used to correct various errors, as will be later 
described, irrespectively of the operation timing for 
the present circuit. 

The operation based on the above arrangement 
will now be described. When the power sources 26 
35 and 27 are turned on. output voltages appear in the 
detecting coils 20 and 21 and the correcting colls 
22 and 23. said voltages taking values Vi, V2. Si, 
and S2 on the output side of the AD converters 37, 
38, 36 and 39, i.e., the input side of the CPU 40. 
40 Further, these values are arithmetically processed 
in the CPU 40 to be converted into values Vr, V2' 
SrandS2'. 

When a torque acts on the shaft 11, the output 
voltages from the detecting coils 20 and 21, after 

45 passing through the AD converters, are Vi and V2. 
shown in Fig. 3. These values Vi and V2 are 
processed In the CPU 40, as will be later de- 
scribed, and thereby converted into values Vi' and 
V2'. The difference (Vr - V2') is multiplied by a 

50 suitable value k, and the value k(Vr - V2') is 
outputted as a torque signal from the output termi- 
nal 49. Fig. 4 shows an example of a torque signal 
T based on the outputs Vi and V2 of Fig. 3. 

Errors due to temperature changes and time- 

55 dependent changes are corrected as follows. 

First, the zero point adjustment is made. To 
this end. the outputs from the two power sources 
26 and 27 are cut off with predetermined timing, for 
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example, once in every 1 minute, through the pow- 
er source cut-off signal line 41. Then, since the 
exciting voltages for the exciting coils 16, 17, 18 
and 19 become zero, the output voltages from the 
detecting coils 20 and 21 and the correcting colls 6 
22 and 23 become also zero. Therefore, if the 
outputs from the AD converters 37, 38, 36 and 39 
have values other than zero, for example, Vi = ei , 
V2 = €2, Si = 5i and S2 =52. then these errors 
are due to some causes, such as temperature drift 10 
in the electronic circuit. Thus, calibration is made 
by the CPU 40 through arithmetic operation so that 
Vi' = Vi - ei, V2' = V2 - €2. Sr = Si - 5i and S2' 

= 82-52. When the arithmetic operation for the 
zero point correction is completed, Vi' = V2' = Sr 75 

= S2' = 0. And with the timing which follows the 
completion of the zero point adjustment, new data 
Vi' , V2' , sr and S2' with the circuit errors ti, €2, 

51 and 62 corrected are obtained. 

With the next timing, the balance correction of 20 
the two detecting sections and the two correcting 
sections is made. The balance between the detect- 
ing coils 20 and 21 can be upset as the magnetic 
properties of the shaft are influenced by tempera- 
ture changes or by long-term alternate torque or as 25 
the temperature in the interior of the torque mea- 
suring device changes. When the balance between 
the detecting coils 20 and 21 is upset, the detected 
voltages Vi and V2 are as shown in Fig. 5, and the 
torque signal T corresponding thereto changes 30 
from the normal state, as shown in Fig. 6; thus, this 
is corrected. 

The difference Si' - S2' between the calibrated 
data sr and S2' of the corrected voltages Si and 

52 is calculated in the CPU 40. And a control 35 
signal is fed to the second power source 27 
through the power source control signal line 43 and 
the power source 27 is controlled so that Si' - S2' 
= 0. Thereby, the exciting voltages for the series- 
connected exciting coils 16 and 18 are simulta- 40 
neously adjusted, the outputs Si and Vi are cor- 
rected, and the balance between Si and S2, that is, 
the balance between Vi and V2 is simultaneously 
corrected. As a result, the diagrams shown in Figs. 
3 and 4 are corrected so that a state close to Vi = 45 
V2 Is established at torque zero state. 

Next, sensitivity correction is made. At the 
aforesaid stage where said balance correction is 
made, the crossing point A between the output 
lines for the two signals Vi' and V2' lies on the so 
zero-torque line, as shown in Fig. 7. However, if the 
magnetic properties of the shaft change owing to 
temperature changes, the gradients of the output 
lines for the two signals Vi' and V2' (that is. sen- 
sitivity) change and so does the average level Em 55 
in Fig. 7. with Em changing to EM' as shown in Fig. 
8. As a result, th inclination of the torque signal 
line indicated by kQJ^'•W) (see Fig. 4) changes 
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and so does the measurement sensitivity. 

Thus, correction is effected to bring Em' back 
to the predetermined value Em and restore the 
predetermined inclination to ensure that the sen- 
sitivity characteristic is constant. 

The sum of the two signals Vr + V2' (which is 
twice the average value), is used as a detected 
value representing the average value. Control is 
effected to ensure that this value is equal to the set 
value Es inputted into the CPU 40 by the reference 
value setting device 47. that is. ^(Vi' + V2') - Es = 
0. Concretely, the first and second power sources 
26 and 27 are adjusted by the power source con- 
trol signal line 44 so as to increase or decrease 
their output levels. Then the two power sources 26 
and 27 simultaneously increase or decrease in 
output level, and control is effected to ensure that 
^(Vi' + V2') is equal to Es without upsetting the 
balance between the two detecting sections. When 
the output levels of the two signals V/ and V2' are 
restored to the predetermined values in this man- 
ner, their angles of inclination are also restored to 
the predetermined values, as shown in broken lines 
in Fig. 8; thus, the sensitivity correction is com- 
pleted. 

The aforesaid zero point correction, balance 
correction and sensitivity correction are effected in 
this order with predetermined timing by the timing 
circuit 48. For example, with 1 cycle assumed to 
be 1 minute, the zero point correction is made in 
the first 50 milliseconds, followed by the balance 
correction in the next 50 milliseconds, and the 
sensitivity correction is made at all times, that is, 
many times in the remaining time. Such cycle is 
performed repeatedly. During the zero point correc- 
tion and balance correction, the torque signal at the 
end of the time of the preceding cycle is outputted 
from the terminal 49. 

In addition to such automatic cyclic operation, 
manual correction can be made on demand. 

For example, if the manual switch 50 for zero 
point correction is operated, the signal therefrom is 
taken into the CPU 40 and during the time this 
switch is being operated, the aforesaid zero point 
correcting operation is repeatedly performed. At 
this time, it is possible to inform the operator by a 
suitable method that the correcting operation is 
going on. When the switch operation is completed, 
the measured torque value k(Vi' - V2') according to 
the data after correction is outputted. 

When the manual switch 51 for balance correc- 
tion is pressed, the aforesaid balance correcting 
operation is performed. Such manual operation is 
performed in the event that although there is no 
torque load, the balance in the detection state on 
both sides is upset so that the torque indication 
does not become 0. as shown in Rg. 6. 
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When the manual switch 52 for sensitivity cor- 
rection is used for manual correction, for example, 
upon completion of manufacture of the present 
device, the rated reference torque is applied to the 
shaft 11 as by a lever and a weight and the 
reference value setting device 47 Is adjusted so 
that the indicated value coincides with the rated 
value. 

As described above, according to the present 
device, the temperature change, time-dependent 
change and zero point change of the torque output 
signal can all be automatically corrected. Particu- 
larly, the sensitivity change and zero point change 
due to temperature change during torque loading 
can be automatically corrected. Further, the elec- 
tronically processing circuit is very simple in that 
only the CPU 40 exists except for the AD convert- 
ers 36, 37, 38 and 39 and the DA converters 42, 45 
and 46. This is due to the fact that the automatic 
correction of various errors is made by software. 

Though not described in the above for the sake 
of simplicity, the zero point correction at the time 
of manufacture of the device is made in addition to 
the zero point correction associated with tempera- 
ture changes and time-dependent changes. This is 
made by operating the manual zero correction 
switch 50 with torque load on the shaft 11 re- 
moved, that is, with no torque when the first adjust- 
ment of the present device is made, and storing a 
torque indication value Bo from the torque output 
terminal 49 due to unbalance between the two 
detecting sections in a non-volatile memory in the 
CPU 40. And thereafter, actually, the torque indica- 
tion value 

k = (Vi'-V2')-Bo 

appears at the terminal 49. 

SECOND EMBODIMENT 

In Fig. 11. the outer peripheral surface of a 
torque transmitting shaft 11 is provided with a pair 
of inclined, torque detecting magnetically an- 
isotropic regions 12 and 13 alone unlike the first 
embodiment. 

In the vicinity of the shaft 11, a correcting shaft 
55 free from torque is provided in a location where 
it is subjected to substantially the same environ- 
mental conditions including temperature. The outer 
peripheral surface of this correcting shaft 55 is 
provided with correcting magnetically anisotropic 
regions 56 and 57 inclined in opposite directions at 
an angle of 20-60 degrees, preferably 45 degrees 
with respect to the axis of the shaft 55. as in the 
case of the torque detecting magnetically an- 
isotropic regions 12 and 13 on the shaft 11. 



The magnetically anisotropic regions 12, 13. 56 
and 57 have exciting coils 16. 17, 18 and 19 
disposed around their respective outer peripheries. 
Further, disposed around the respective outer pe- 

5 ripheries of the exciting coils 16. 17. 18 and 19 are 
detecting coils 20 and 21 associated with the 
torque detecting magnetically anisotropic regions 
12 and 13 and correcting colls 22 and 23 asso- 
ciated with the correcting magnetically anisotropic 

10 regions 56 and 57. The numerals 24 and 54 denote 
cores made of soft magnetic material and providing 
a passage for the magnetic flux and utilized as a 
casing for accommodating the coils. The torque 
detecting section around the shaft 1 1 and the cor- 

75 recting section around the shaft 55 are manufac- 
tured so that they have substantially the same 
magnetic properties as by providing the mag- 
netically anisotropic regions with the same char- 
acteristics. 

20 Fig. 10 shows the entire arrangement of the 

present device including an electronic circuit. In 
this figure, the same members as those shown in 
Fig. 2 are indicated by the same reference nu- 
merals. In this case, however, the exciting coils 16 
25 and 18 are combined in series and connected to a 
first power source 26, while the exciting coils 19 
and 17 are also combined in series and connected 
to a second power source 27. 

According to this arrangement, as in the case 
30 of the first embodiment, zero point correction, bal- 
ance correction and sensitivity correction are made 
with the timing shown in Fig. 9. The details of 
these corrections are omitted as they are the same 
as in the first embodiment. The device is also the 
35 same In that manual switches 50, 51 and 52 are 
provided for making said corrections on demand. In 
this embodiment also, the torque indication value 
appearing at the torque output terminal 49 is shown 
in a simplified manner in Fig. 10. 
40 Fig. 12 shows a device having a modified shaft 

55. In this modified example, the shaft 55 has no 
magnetically anisotropic region formed thereon. 
Even if the magnetically anisotropic region is omit- 
ted, there will be no trouble in practice unless the 
45 coincidence between the magnetic properties of 
the torque detecting section around the shaft 11 
and the correcting section around the shaft 55 is 
degraded. In other words, if changes in the mag- 
netic properties corresponding to temperature 
50 changes are substantially the same for both shafts 
11 and 55. then the omission of formation of mag- 
netically anisotropic region on the shaft 55 is al- 
lowed. 

Though not shown, a magnetically anisotropic 
55 region which extends parallel with the axis of the 
shaft 55 may be formed on the shaft 55, as in the 
case of the correcting magnetically anisotropic re- 
gions 14 and 15 shown in Fig. 1. 
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THIRD EMBODIMENT 
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In Fig. 14, the outer peripheral surface of a 
shaft 1 1 is provided with a torque detecting mag- 
netically anisotropic region 12 forming an angle 
with respect to the axis of the shaft 11, and a 
correcting magnetically anisotropic region 14 which 
is located in the vicinity of said detecting mag- 
netically anisotropic region 12 and extending par- 
allel with the axis. Exciting coils 16 and 17 are 
disposed around the magnetically anisotropic re- 
gions 12 and 14. Further, disposed around the 
outer peripheries of the exciting coils 16 and 17 are 
a detecting coil 20 corresponding to the torque 
detecting magnetically anisotropic region 12 and a 
correcting coil 22 corresponding to the correcting 
magnetically anisotropic region 14. The numeral 24 
denotes a core. 

Fig. 13 shows the entire arrangement of the 
present device including an electronic circuit. In 
this figure, the numeral 25 denotes an oscillator, 
and 26 denotes an AC power source. The exciting 
colls 16 and 17 are combined in series and con- 
nected to the power source 26. The detecting coil 
20 and correcting coil 22 are connected to the CPU 
40 respectively through rectifiers 29 and 28, filters 
33 and 32, and AD converters 37 and 36. A power 
source cut-off signal line 41 for cutting off the 
output of the power source 26 is connected to the 
CPU 40 together with an DA converter 42. Further, 
a power source control signal line 44 for controlling 
the output of the power source 26 is connected to 
the CPU 40 through a DA converter 42. The nu- 
meral 48 denotes a timing circuit; 49 denotes an 
output terminal for torque signals; and 50 and 52 
denote manual switches. 

The operation based on the above arrangement 
will now be described. When the power is turned 
on, output voltages appear at the detecting coil 20 
and correcting coil 22, said voltages having values 
V and S at the respective output sides of the AD 
converters 37 and 36. i.e., at the input side of the 
CPU 40. 

With respect to these values V and S, as in the 
case of the first through third embodiments, with 
the output of the power source 26 turned off, zero 
point correction is made and these values are 
arithmetically processed to provide values V and 
S'. 

In this condition, however, the indication value 
k(V' - S') obtained after re-throwing (returning) the 
power source 26 does not necessarily indicate 
zero, even if there is no torque. The reason is that 
the detecting and correcting sections are not nec- 
essarily magnetically balanced. Thus, when it is 
known that there is no torque (as when the present 
device is adjusted for the first time or the shaft 11 
is not being driven), the manual switch 50 for 



manual zero point adjustment is operated. There- 
upon, a signal from the switch 50 is taken into the 
CPU 40, where the torque indication value B at the 
terminal 49 is subtracted from said indication value 

5 k(V' - S') to make th output from the terminal 49 
zero. This value B is stored in the CPU 40 until the 
next manual correction is made. Thereafter, the 
value k(V' - S') - B is used as the indication value. 
Such processing corresponds to the "balance cor- 

10 rection" in the first and second embodiments in 
that the operation is manual. 

Next, sensitivity correction is made. If the char- 
acteristics of the device change owing to tempera- 
ture changes or the like, the signals V and S' 

75 vertically displace as indicated by two-dot-and- 
dash lines in Fig. 15 (the zero point correction 
value B being omitted), and the gradient of the 
calibrated value V based on the signal from the 
detecting coil 20 also changes. As a result, the 

20 angle of inclination of the torque signal T indicated 
by k(V - S') changes. 

Thus, by increasing or decreasing the level of 
the output from the power source 26 by the power 
source control signal line 44 while simultaneously 

25 increasing or decreasing the exciting voltages for 
the exciting coils 16 and 17, control is effected so 
that the calibrated value S' based on the signal 
from the correcting coil 22 is equal to the set value 
Es inputted into the CPU 40 by the reference value 

30 setting device 47, that is, so that S' - Es = 0. 
Thereby, the values V and S' shown in two-dot- 
and-dash lines in Fig. 15 are corrected to the 
values shown in solid lines, with the gradient of the 
calibrated value V restored to the predetermined 

36 state; thus, the torque measuring sensitivity is cor- 
rected. 

Since the correcting magnetically anisotropic 
region 14 is formed to extend parallel with the axis 
of the shaft 1 1 , the calibrated value S' based on the 

40 output of the correcting coil 22 is constant as 
shown in Fig. 15 irrespectively of the amount of the 
torque. Therefore, the torque measuring sensitivity 
can be corrected irrespectively of the presence or 
absence and the amount of the torque. 

45 Fig. 16 shows an operation timing for the cir- 

cuit shown in Fig. 13, said timing being similar to 
the one shown in Fig. 9. However, only the zero 
point correction and sensitivity correction are auto- 
matically made by the CPU 40, as described 

50 above. 

In the case where manual correction is to be 
made by using the manual switch 52 for sensitivity 
correction, this can be made by applying the rated 
torque to the shaft 1 1 by a lever and a weight and 

55 adjusting the reference value setting device 47 so 
that the prevailing indication value is equal to the 
rated value. 
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Then electronic circuit described inThe preced- 
ing embodiments may be used with some of the 
functions of said circuit omitted. For example, only 
the circuit for controlling the zero point, the circuit 
for controlling the sensitivity or the circuit for con- 
trolling the balance may be utilized. These circuits 
are suitable where it is desired to control only 
changes in the zero point with high accuracy, 
where it is desired to control the sensitivity with 
high accuracy though allowing coarse control of the 
zero point, or in other cases. Such arrangement is 
advantageous in that the control circuit and control 
process can be simplified. An analogue electronic 
circuit which does not contain CPU can also be 
utilized. 

Claims 

1. A device for measuring torque acting on a 
shaft, comprising: 

torque detecting means having first and 
second torque detecting magnetically an- 
isotropic regions (12, 13) formed on the outer 
peripheral surface of a torque transmitting 
shaft (11) and provided with magnetic an- 
isotropy such that the regions (12, 13) are 
inclined in opposite directions to form angles 
with respect to the axis of rotation of said shaft 
(11), and first and second detecting coils (20, 
21) capable of detecting changes in permeabil- 
ity in the torque detecting magnetically an- 
isotropic regions (12, 13), and 

exciting coils (16. 17. 18, 19) provided for 
respective detecting coils (20, 21) and correct- 
ing coils (22, 23), and 

correcting means having first and second 
correcting magnetically anisotropic regions (14, 
15), with magnetic anisotropy imparted thereto 
in a direction parallel with the axis of rotation of 
said shaft (11), formed on the outer peripheral 
surface of said shaft in the vicinity of said first 
and second torque detecting magnetically an- 
isotropic regions (12. 13). and first and second 
correcting coils (22. 23) capable of detecting 
changes in permeability in the correcting mag- 
netically anisotropic regions (14, 15). 

2. A device as set forth in claim 1 , 

wherein the exciting coil (16) for the first 
detecting coil (20) and the exciting coil (18) for 
the first correcting coil (22) being combined in 
series and connected to a first AC power 
source (27) and 

wherein the exciting coll (17) for the sec- 
ond detecting coil (21) and the exciting coil 
(19) for the second correcting coil (23) being 
combined in series and connected to a second 
AC power source (26). 



3. A device as set forth in Claim 2. including: 

means (41. 42) for cutting off the outputs 
of the first and second power sources with 
suitable timing during torque measurement. 
5 means for finding measured values provided 

by the first and second detecting coils (20, 21) 
and first and second correcting coils (22, 23) 
when said power sources are cut off, and 

means for calibrating measured data by 
10 subtracting the readings in the two detecting 

coils and two correcting coils when said AC 
power sources are cut off from the measured 
values provided by said coils when the cut-off 
of said AC power sources is cancelled. 

75 

4. A device as set forth in Claim 3. including 
means for controlling one of the AC power 
sources so that calibrated values of the mea- 
sured data provided by the two correcting coils 

20 (22. 23) are equal. 

5. A device as set forth in Claim 4. including 
means for controlling the two AC power sour- 
ces so that the sum of the calibrated values of 

25 the measured data provided by the two detect- 

ing coils (20. 21) is a constant reference value. 

6. A device as set forth in Claim 5, including 
means which, with constant timing, allows one 

30 of the following processes to be executed or 

two or more thereof to be serially executed: 

the process for calibrating the measured 
data provided by the two detecting coils (20. 
21) and two correcting coils (22. 23), 

35 the process for controlling one of the pow- 

er sources (26. 27) so that the calibrated val- 
ues of the measured data provided by the two 
correcting coils are equal, and 

the process for controlling both of the pow- 

40 er sources (26, 27) simultaneously so that the 

sum of the calibrated values of the measured 
data provided by the two detecting coils (20, 
21) is a constant reference value. 



45 7. A device as set forth in Claim 6, including 
means (50, 51, 52) which makes it possible to 
execute at least one of said three processes to 
be executed manually at any time irrespec- 
tively of the constant timing. 

50 

a A device for measuring torque acting on a 
shaft, comprising: 

torque detecting means having first and 
second torque detecting magnetically an- 
55 isotropic regions (12, 13) formed on the outer 

peripheral surface of a torque transmitting 
shaft (11) and provided with magnetic an- 
isotropy such that the regions (12. 13) are 
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inclined in opposite directions to form angles 
with respect to the axis of rotation of said shaft 
(11), and first and second detecting coils (20. 
21) capable of detecting changes in permeabil- 
ity in the torque detecting magnetically an- 
isotropic regions (12. 13). and 

exciting coils (16. 17. 18. 19) provided for 
respective detecting coils (20. 21) and correct- 
ing coils (22. 23). and 

correcting means having a correcting shaft 
separate from said torque transmitting shaft 
(11) and free from load, and first and second 
correcting coils (22, 23) installed around the 
correcting shaft, 

wherein said correcting means having sub- 
stantially the same magnetic properties as said 
torque detecting means and installed in the 
vicinity of said torque detecting means. 

9. A device as set forth in Claim 8, wherein: 

the correcting shaft has first and second 
correcting magnetically anisotropic regions (56, 
57) on the outer peripheral surface thereof 
which are inclined in opposite directions to 
form angles with respect to the axis of said 
correcting shaft, and 

the first and second correcting coils (22. 
23) are installed along the periphery of said 
first and second magnetically anisotropic re- 
gions (56, 57). 

10. A device as set forth in Claim 8, wherein the 
correcting means is installed in a place where 
the temperature and other environmental con- 
ditions are substantially the same as those for 
the torque detecting section. 

11. A device as set forth in Claim 8. 

wherein the exciting coil (16) for the first 
detecting coil (20) and the exciting coil (18) for 
the first correcting coil (22) being combined in 
series and connected to a first AC power 
source (27). and 

wherein the exciting coil (17) for the sec- 
ond detecting coil (21) and the exciting coil 
(19) for the second correcting coil (23) being 
combined in series and connected to a second 
AC power source (26). 

12. A device as set forth in Claim 11. including: 

means (42. 41) for cutting off the outputs 
of the first and second power sources with 
suitable timing during torque measurement. 

means for finding measured values pro- 
vided by the first and second detecting coils 
(20. 21) and first and second correcting coils 
(22, 23) when said power sources (26, 27) are 
cut off, and 
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means for calibrating measured data by 
subtracting the readings in the two detecting 
coils (20, 21) and two correcting coils (22, 23) 
when said AC power sources (26, 27) are cut 
5 off from the measured values provided by said 

coils when the cut-off of said AC power sour- 
ces is cancelled. 

13. A device as set forth in Claim 12, including 
10 means for controlling one of the.power sources 

(26, 27) so that the calibrated values of the 
measured data provided by the two correcting 
coils (22. 23) are equal. 

15 14. A device as set forth in Claim 13, including 
means for controlling the two power sources 
(26, 27) so that the sum of the calibrated 
values of the measured data provided by the 
two detecting coils (20. 21) is a constant refer- 

20 ence value. 

15. A device as set forth in Claim 14, including 
means which, with constant timing, allows one 
of the following processes to be executed or 

25 two or more thereof to be serially executed: 

the process for calibrating the measured 
data provided by the two detecting coils (20, 
21), 

the process for controlling one of the pow- 
30 er sources (26, 27) so that the calibrated val- 

ues of the measured data provided by the two 
correcting coils (22, 23) are equal, and 
the process for controlling the two power sour- 
ces (26. 27) so that the sum of the measured 
36 data provided by the two detecting coils (20, 

21) is a constant reference value. 

16. A device as set forth in Claim 15, including 
means (50, 51, 52) which makes it possible to 

40 execute at least one of said three processes to 

be executed manually at any time irrespec- 
tively of the constant timing. 



17. A device for measuring torque acting on a 

45 shaft, comprising: 

a torque detecting magnetically anisotropic 
region (12) formed on the outer peripheral sur- 
face of a torque transmitting shaft (11) and 
provided with magnetic anisotropy such that 

60 the region is inclined to form an angle with 

respect to the axis of rotation of said torque 
transmitting shaft (11). 

a correcting magnetically anisotropic re- 
gion (14) formed on the outer peripheral sur- 

55 face of the shaft (11) in the vicinity of the 

torque detecting magnetically anisotropic re- 
gion (12) and provided with magnetic an- 
isotropy in a direction parallel with the axis of 
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rotation of the shaft (11), 

a detecting coil (20) and a correcting coil 
(22) installed along the peripheries of said 
torque detecting magnetically anisotropic re- 
gion (12) and said correcting magnetically an- 5 
isotropic region (14). respectively, including a 
detection-purpose exciting coil (16) associated 
with the detecting coil (20) and a correction- 
purpose exciting coil (17) associated with the 
correcting coil (22), and io 

means for controlling the exciting voltage 
applied to said exciting coil (17) of the correct- 
ing coil (22) to ensure that the measured data 
provided by said correcting coil (22) is equal to 
a constant reference value and for controlling is 
the exciting voltage applied to said exciting 
coil (16) for said detecting coil (20) corre- 
spondingly to the control of said exciting volt- 
age of the exciting coil (17) of said correcting 
coil (22). 20 

18. A device as set forth in Claim 17, wherein said 
detection- and correction-purpose exciting 
coils (16, 17) are combined in series and con- 
nected to a power source (26). 25 

19. A device as set forth in Claim 18, including: 

means (42, 41) for cutting off the output of 
the power source (26) with suitable timing dur- 
ing torque measurement, 30 

means for finding the measured data pro- 
vided by the detecting and correcting coils (20, 
22) when said power source output is cut off. 
and 

means for calibrating data by subtracting 35 
the measured data provided by the detecting 
and correcting coils (20, 22) when said power 
source (26) is cut off from the measured data 
provided by said detecting and correcting coils 
(20, 22) when the cut-off of said power source 40 
(26) is cancelled. 

20. A device as set forth in Claim 19, wherein the 
means for controlling the exciting voltage is 
constructed to effect control so that the call- 45 
brated value of the measured data provided by 

the correcting coil (22) is equal to the refer- 
ence value. 

21. A device as set forth in Claim 20, including 50 
means whereby the process for calibrating the 
measured data provided by the detecting and 
correcting coils (20, 22) and the process for 
controlling the power source (26) so that the 
calibrated value of the measured data provided 56 
by the correcting coil (22) are executed with 
constant timing. 
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22. A device as set ^^in Claim 21. including 
means (50, 52) which makes it possible to 
execute one of the two processes to be ex- 
ecuted manually at any time irrespectively of 
the constant timing. 

Patentanspruche 

1. Vorrichtung zur Messung eines auf eine Welle 
einwirkenden Drehmomentes, gekennzeich- 
net durch: 

eine Drehmoment-Erfassungseinrichtung mit 
ersten und zweiten, magnetisch anisotropen 
Drehmoment-Erfassungsbereichen (12,13), die 
an einer auBeren peripheren Oberflache einer 
Drehmoment-Ubertragungswelle (11) ausgebil- 
det und in der Weise mit einer magnetischen 
Anisotropie versehen sind. daB die Bereiche 
(12,13) zur Bildung von Winkein in Bezug auf 
die Rotationsachse der Welle (11) in entgegen- 
gesetzte Richtungen geneigt sind, sowie mit 
ersten und zweiten Detektorspulen (20,21) zur 
Erfassung von Anderungen der Permeabilitat 
in den magnetisch anisotropen Drehmoment- 
Erfassungsbereichen (12,13); 
Erregerspulen (16.17,18.19). die fur entspre- 
chende Detektorspulen (20.21) und Korrektur- 
spulen (22,23) vorgesehen sind; und 
eine Korrektureinrichtung mit ersten und zwei- 
ten. magnetisch anisotropen Korrekturberei- 
chen (14,15) mit einer in einer Richtung paral- 
lel zu der Rotationsachse der Welle (11) einge- 
pragten magnetischen Anisotropie, die auf der 
auBeren peripheren Oberflache der Welle in 
der Nahe der ersten und zweiten, magnetisch 
anisotropen Drehmoment-Erfassungsbereiche 
(12,13) liegen; sowie mit ersten und zweiten 
Korrekturspulen (22,23) zur Erfassung von An- 
derungen der PermeabilitSt in den magnetisch 
anisotropen Korrekturbereichen (14,15). 

2. Vorrichtung nach Anspruch 1, dadurch ge- 
kennzeichnet, daB die Erregerspule (16) fUr 
die erste Detektorspule (20) und die Erreger- 
spule (18) fUr die erste Korrekturspule (22) in 
Serie geschaltet und mit einer ersten AC-Lei- 
stungsquelle (27) verbunden sind und daB 

die Erregerspule (17) fOr die zweite Detektor- 
spule (21) und die Erregerspule (19) fUr die 
zweite Korrekturspule (23) in Serie geschaltet 
und mit einer zweiten AC-Leistungsquelle (26) 
verbunden sind. 

3. Vorrichtung nach Anspruch 2, gekennzeich- 
net durch: 

Einrichtungen (41,42) zum Abtrennen der Aus- 
gange der ersten und zweiten Leistungsquellen 
mit einer geeigneten Zeitsteuerung wahrend 
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einer Drehmomentmessung; 
Einrichtungen zum Auffinden der gemessenen 
Werte, die durch die ersten und zweiten Detek- 
torspulen (20.21) und die ersten und zweiten 
Korrel<turspulen (22.23) erzeugt werden, wenn 
die Leistungsquellen abgetrennt sind; und 
Einrichtungen zur Kalibrierung von gemesse- 
nen Daten durch Subtral<tion der gelesenen 
Werte in den zwei Detektorspulen und den 
zwei Korrekturspulen, wenn die AC-Leistungs- 
quellen von den gemessenen Werten getrennt 
sind, die durch die Spulen erzeugt werden, 
wenn die Trennung der AC-Leistungsquellen 
aufgehoben 1st. 

4. Vorrichtung nach Anspruch 3, gekennzeich- 
net durch Einrichtungen zur Steuerung einer 
der AC-Leistungsquellen in der Weise, dafi die 
kalibrierten Werte der gemessenen Daten, die 
durch die zwei Korrekturspulen (22.23) erzeugt 
werden, gleich sind. 

5. Vorrichtung nach Anspruch 4, gekennzeich- 
net durch Einrichtung zur Steuerung der zwei 
AC-Leistungsquellen in der Weise, dafi die 
Summe der kalibrierten Werte der gemesse- 
nen Daten, die durch die zwei Detektorspulen 
(20,21) erzeugt werden, einen konstanten Be- 
zugswert darstellt. 

6. Vorrichtung nach Anspruch 5, gekennzeich- 
net durch Einrichtungen, mit denen bei kon- 
stanter Zeitsteuerung einer der folgenden Vor- 
gange Oder zwei Oder mehrere dieser VorgSn- 
ge nacheinander ausgefuhrt werden konnen: 
der Vorgang der Kalibrierung der gemessenen 
Daten, die durch die zwei Detektorspulen 
(20,21) und die zwei Korrekturspulen (22,23) 
erzeugt werden, 

der Vorgang der Steuerung einer der Lei- 
stungsquellen (26,27) in der Weise, dafi die 
kalibrierten Werte der durch die zwei Korrek- 
turspulen erzeugten, gemessenen Daten gleich 
sind, und 

der Vorgang der Steuerung beider Leistungs- 
quellen (26,27) gleichzeitig in der Weise. da8 
die Summe der kalibrierten Werte der durch 
die zwei Detektorspulen (20,21) erzeugten, ge- 
messenen Daten einen konstanten Bezugswert 
darstellt. 

7. Vorrichtung nach Anspruch 6, gekennzeich- 
net durch 

Einrichtungen (50.51,52) zur Ausfuhrung min- 
destens eines der drei Vorgange, die manuell 
zu jedem Zeitpunkt unabhangig von einer kon- 
stanten Zeitsteuerung ausgelost werden. 
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8. Vorrichtung zur MSfsung eines auf eine Welle 
einwirkenden Drehmomentes. gekennzeich- 
net durch 

eine Drehmoment-Erfassungselnrichtung mit 

5 ersten und zweiten. magnetisch anisotropen 

Drehmoment-Erfassungsbereichen (12,13), die 
an einer aufieren peripheren Oberflache einer 
Drehmoment-Ubertragungswelle (11) ausgebil- 
det und in der Weise mit einer magnetischen 

10 Anisotropie versehen sind. dafi die Bereiche 

(12.13) zur Bildung von Winkein in Bezug auf 
die Rotationsachse der Welle (1 1 ) in entgegen- 
gesetzten Richtungen geneigt sind, sowie mit 
ersten und zweiten Detektorspulen (20,21) zur 

75 Erfassung von Anderungen der Permeabilitat 

in den magnetisch anisotropen Drehmoment- 
Erfassungsbereichen (12,13); 
Erregerspulen (16,17.18.19), die fur entspre- 
chende Detektorspulen (20.21) und Korrektur- 

20 spulen (22,23) vorgesehen sind; und 

eine Korrektureinrichtung mit einer Korrektur- 
welle, die von der Drehmoment-Ubertragungs- 
welle (11) getrennt ist und keine Last aufweist 
und mit ersten und zweiten Korrekturspulen 

25 (22,23), die urn die Korrekturwelle angeordnet 

sind, wobei 

die Korrektureinrichtung im wesentlichen die 
gleichen magnetischen Eigenschaften wie die 
Drehmoment-Erfassungselnrlchtung aufweist 
30 und in der Umgebung der Drehmoment-Erfas- 

sungseinrichtung angeordnet ist. 

9. Vorrichtung nach Anspruch 8. dadurch ge- 
kennzelchnet, dafi die 

35 Korrekturwelle erste und zweite. magnetisch 

anisotrope Korrekturbereiche (56,57) an ihrer 
auSeren peripheren Oberflache aufweist, die 
zur Bildung von Winkein in Bezug auf die 
Achse der Korrekturwelle in entgegengesetzte 

40 Richtungen geneigt sind, und dafi 

die ersten und zweiten Korrekturspulen 
(22,23) entlang der Peripherie der ersten und 
zweiten, magnetisch anisotropen Bereiche 
(56,57) angeordnet sind. 

45 

10. Vorrichtung nach Anspruch 8, dadurch ge- 
kennzeichnet, dafi die Korrektureinrichtung an 
einer Stelle vorgesehen ist, an der die Tempe- 
ratur- und andere Umgebungsbedingungen im 

50 wesentlichen die gleichen sind, wie an dem 
Drehmoment-Erfassungsteil. 

11. Vorrichtung nach Anspruch 8, dadurch ge- 
kennzeichnet, dafi die Erregerspule (16) fur 

55 die erste Detektorspule (20) und die Erreger- 

spule (18) fOr die erste Korrekturspule (22) in 
Serie geschaltet und mit einer ersten AC-Lei- 
stungsquelle (27) verbunden sind und 
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die Erregerspule (17) fur die zweite Detektor- 
spule (21) und die Erregerspule (19) fur die 
zweite Korrekturspule (23) in Serie geschaltet 
und mit einer zweiten AC-Leistungsqueile (26) 
verbunden sind. 

12. Vorrichtung nach Anspruch 11, gekennzeich- 
net durch: 

Einrichtungen (41,42) zum Abtrennen der Aus- 
gange der ersten und zweiten Leistungsquellen 
in Abhangigkeit von einer geeigneten Zeit- 
steuerung wahrend der Drehmomentmessung; 
Einrichtungen zum Auffinden der gemessenen 
Werte, die durch die erste und zweite Detek- 
torspule (20,21) und die erste und zweite Kor- 
rekturspule (22,23) erzeugt werden, wenn die 
Leistungsquellen (26,27) abgetrennt sind; und 
Einrichtungen zum Kalibrieren der gemesse- 
nen Daten durch Subtraktlon der aus den zwei 
Detektorspulen (20,21) und den zwei Korrektur- 
spulen (22,23) gelesenen Werte, wenn die AC- 
Leistungsquellen (26,27) von den gemessenen 
Werten abgetrennt sind, die durch die Spulen 
erzeugt werden, wenn die Abtrennung der AC- 
Leistungsquellen aufgehoben ist. 

13. Vorrichtung nach Anspruch 12, gekennzeich- 
net durch Einrichtungen zur Steuerung einer 
der Leistungsquellen (26,27) in der Weise, daB 
die kalibrierten Werte der durch die zwei Kor- 
rekturspulen (22,23) erzeugten, gemessenen 
Daten gleich sind. 

14. Vorrichtung nach Anspruch 13, gekennzeich- 
net durch Einrichtungen zur Steuerung der 
zwei Leistungsquellen (26,27) in der Weise, 
daB die Summe der kalibrierten Werte der 
durch die zwei Detektorspulen (20,21) erzeug- 
ten, gemessenen Daten einen konstanten Be- 
zugswert darstellt. 

15- Vorrichtung nach Anspruch 14, gekennzeich- 
net durch Einrichtungen. mit denen bei kon- 
stanter Zeitsteuerung einer der folgenden Vor- 
gange oder zwei Oder mehrere dieser Vorgan- 
ge seriell ausgefuhrt werden konnen: der Vor- 
gang der Kallbrlerung der durch die zwei De- 
tektorspulen (20,21) erzeugten, gemessenen 
Daten, 

der Vorgang der Steuerung einer der Lei- 
stungsquellen (26,27) In der Weise. daB die 
kalibrierten Werte der durch die zwei Korrek- 
turspulen (22,23) erzeugten, gemessenen Da- 
ten gleich sind, und 

der Vorgang der Steuerung der zwei Lei- 
stungsquellen (26.27) in der Weise, daB die 
Summe der gemessenen Daten, die durch die 
zwei Detektorspulen (20.21) erzeugt werden. 
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einen konstanten BezSgswert darstellt. 

16. Vorrichtung nach Anspruch 15, gekennzeich- 
net durch 

Einrichtungen (50,51,52), mit denen minde- 
stens einer der drei manuell auszufuhrenden 
Vorgange zu jedem Zeitpunkt unabhSnglg von 
einer konstanten Zeitsteuerung ausgefuhrt wer- 
den kann. 



17. Vorrichtung zur Messung eines auf eine Welle 
einwirkenden Drehmomentes, gekennzeich- 
net durch: 

einen magnetisch anisotropen Drehmoment-Er- 

76 fassungsbereich (12), der an einer auBeren pe- 

ripheren Oberflache einer Drehmoment-Ober- 
tragungsquelle (11) ausgebildet und mit einer 
magnetischen Anisotropie In der Weise verse- 
hen ist, daB der Bereich zur Blldung eines 

20 Winkels in Bezug auf die Rotationsachse der 

Drehmoment-Obertragungswelle (11) schrag 
liegt; einen magnetisch anisotropen Korrektur- 
bereich (14), der an einer auBeren peripheren 
Oberflache der Welle (11) in der Umgebung 

25 des magnetisch anisotropen Drehmoment-Er- 

fassungsbereichs (12) ausgebildet und mit ei- 
ner magnetischen Anisotropie in einer parallel 
zu der Rotationsachse der Welle (11) verlau- 
fenden Richtung versehen Ist; 

30 eine Detektorspule (20) und eine Korrekturspu- 

le (22), die entlang der Umfange des magne- 
tisch anisotropen Drehmoment-Erfassungsbe- 
reichs (12) bzw. des magnetisch anisotropen 
Korrekturbereichs (14) angeordnet sind, mit ei- 

35 ner zur Detektion vorgesehenen Erregerspule 

(16) , die der Detektorspule (20) zugeordnet Ist 
und einer zur Korrektur vorgesehenen Erreger- 
spule (17), die der Korrekturspule (22) zuge- 
ordnet Ist; und 

40 Einrichtung zur Steuerung der an die Erreger- 

spule (17) der Korrekturspule (22) angelegten 
Erregerspannung, so daB die durch die Korrek- 
turspule (22) erzeugten gemessenen Daten 
gleich einem konstanten Bezugswert sind, so- 

45 wie zur Steuerung der Erregerspannung. die 

an die Erregerspule (16) fur die Detektorspule 
(20) angelegt wird. entsprechend der Steue- 
rung der Erregerspannung der Erregerspule 

(17) der Korrekturspule (22). 

50 

18. Vorrichtung nach Anspruch 17, dadurch ge- 
kennzeichnet, daB die zur Detektion und Kor- 
rektur vorgesehenen Erregerspulen (16,17) in 
Serie geschaltet und mit einer Leistungsqueile 

55 (26) verbunden sind. 

19. Vorrichtung nach Anspruch 18, gekennzeich- 
net durch 
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Einrichtungen (42,41 ) zum Abtrefinen des Aus- 
gangs der Leistungsquelle (26) mit einer ge- 
eigneten Zeitsteuerung wahrend der Drehmo- 
mentmessung, Einrichtungen zum Auffinden 
der durch die Detektor- und Korrekturspulen s 
(20.22) erzeugten, gennessenen Daten, wenn 
der Ausgang der Leistungsquelle abgetrennt 
ist; und 

Einrichtungen zur Kalibrierung von Daten durch 
Subtraktion der gemessenen Daten, die durch io 
die Detektor- und Korrekturspulen (20,22) er- 
zeugt werden, wenn die Leistungsquelle (26) 
von den durch die Detektor- und Korrekturspu- 
len (20,22) erzeugten, gemessenen Daten ab- 
getrennt ist, wenn die Abtrennung der Lei- 15 
stungsquelle (26) aufgehoben ist, 

20. Vorrichtung nach Anspruch 19, dadurch ge- 
kennzeichnet, daB die Einrichtung zur Steue- 
rung der Erregerspannung die Steuerung in 20 
der Weise bewirkt, dafi der kalibrierte Wert der 
durch die Korrekturspule (22) erzeugten. ge- 
messenen Daten gleich dem Bezugswert ist. 

21. Vorrichtung nach Anspruch 20, gekennzeich- 25 
net durch Einrichtung, durch die der Vorgang 

der Kalibrierung der durch die Detektor- und 
Korrekturspulen (20,22) erzeugten, gemesse- 
nen Daten, sowie der Vorgang der Steuerung 
der Leistungsquelle (26) in der Weise, daB der 30 
kalibrierte Wert der durch die Korrekturspule 
(22) erzeugten, gemessenen Daten mit einem 
konstanten Zeittakt, ausgefuhrt wird. 

22. Vorrichtung nach Anspruch 21, gekennzeich- 35 
net durch 

Einrichtungen (50,52), mit denen einer der 
zwei manuell auszufuhrenden Vorgange zu je- 
dem Zeitpunkt unabhangig von dem konstan- 
ten Zeittakt ausgefuhrt werden kann. 40 

Revendications 

1. Dispositif de mesure d'un couple aglssant sur 

un arbre, comprenant : 45 
des moyens de detection de couple compor- 
tant une premiere zone et une seconde zone 
anisotropes de detection magnetique de cou- 
ple (12, 13) formees sur la surface peripheri- 
que exterieure d'un arbre (11) et presentant 50 
une anisotropie magnetique telle que les zones 
(12, 13) sclent inclinees dans des directions 
opposees pour former des angles par rapport 
a Taxe de rotation de I'arbre (1 1 ), et 
une premiere bobine et une seconde bobine 55 
de detection de couple (20, 21) capables de 
d^tecter des variations de permeabilite dans 
les zones de detection de couple magnetique- 
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ment anisotropes (T2. 13), et des bobines d'ex- 
citation (16. 17, 18, 19) prevues pour les bobi- 
nes de detection respectives (20, 21), et 
des bobines de correction (22, 23), et des 
moyens de correction comportant une premie- 
re zone et une seconde zone de correction 
magnetiquement anisotropes (14, 15) auxquel- 
les I'anisotropie magnetique est communiquee 
dans une direction parallele a I'axe de rotation 
de I'arbre (11), ces zones etant formees sur la 
surface peripherique exterieure de I'arbre au 
voisinage de la premiere zone et de la secon- 
de zone de detection de couple magnetique- 
ment anisotropes (12, 13), tandis que la pre- 
miere bobine et la seconde bobine de correc- 
tion (22, 23) sent capables de detector des 
variations de permeabilite dans les zones de 
correction magnetiquement anisotropes (14, 
15). 

2. Dispositif selon la revendication 1, caracterise 
en ce que la bobine d'excitation (16) de la 
premiere bobine de detection (20) et la bobine 
d'excitation (18) de la premiere bobine de cor- 
rection (22) sont associees en serie et bran- 
chees a une premiere source de courant alter- 
natif (27), et en ce que 

la bobine d'excitation (17) de la seconde bobi- 
ne de detection (21) et la bobine d'excitation 
(19) de la seconde bobine de correction (23) 
sont associees en serie et branchees a une 
seconde source de courant alternatif (26). 

3. Dispositif selon la revendication 2, caracterise 
en ce qu'il comprend : 

des moyens (41, 42) pour couper les sorties 
de la premiere source de courant et de la 
seconde source de courant suivant un minuta- 
ge convenable pendant la mesure de couple, 
des moyens pour trouver les valours mesur^es 
fournies par la premiere bobine et la seconde 
bobine de detection (20, 21) et par la premiere 
bobine et la seconde bobine de correction (22, 
23) lorsque les sources de courant sont cou- 
pees. et 

des moyens pour ^talonner les donnees mesu- 
rees en soustrayant les lectures des deux bo- 
bines de detection et des deux bobines de 
correction lorsque les sources de courant alter- 
natif sont coupees, des valours mesur^es four- 
nies par ces bobines iorsqu'on supprime la 
coupure des sources de courant alternatif. 

4. Dispositif selon la revendication 3, caracterise 
en ce qu'il comprend des moyens pour com- 
mander Tune des sources de courant alternatif 
de fagon que les valours etalonnees des va- 
lours mesurees fournies par les deux bobines 
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5. Dispositif selon la revendication 4, caracterise 
en ce qu'il comprend des moyens pour conn- 
mander les deux sources de courant alternatif 5 
de fagon que la somme des valours etalon- 
nees des donnees mesurees fournies par les 
deux bobines de detection (20, 21), soit une 
valour de reference constante. 

70 

6. Dispositif selon la revendication 5, caracterise 
en ce qu'il comprend des moyens qui, avec un 
minutage constant, permettent d'effectuer Tune 
des operations suivantes, ou d'effectuer en se- 

rie deux ou plusieurs de ces operations : 75 
operation d'etalonnage des donnees mesurees 
fournies par les deux bobines de detection (20, 
21) et les deux bobines de correction (22, 23), 
operation de commando de I'une des sources 
de courant (26, 27) de fagon que les valours 20 
etalonnees des donnees mesurees fournies 
par les deux bobines de correction, soient ^ga- 
les, et 

operation de commande simultanee des deux 
sources de courant (26, 27) de fagon que la 25 
somme des valours Etalonnees des donnees 
mesurees fournies par les deux bobines de 
detection (20, 21), soit une valour de reference 
constante. 

30 

7. Dispositif selon la revendication 6, caracterise 
en ce qu'il comprend des moyens (50, 51, 52) 
permettant d'effectuer au moins Tune des trois 
operations a effectuer manuellement a un mo- 
ment quelconque, independamment du minuta- 35 
go constant. 

8. Dispositif de mesure d'un couple agissant sur 
un arbre, caracterise en ce qu'il comprend : 

des moyens de detection de couple compor- 4o 
tant une premiere zone et une seconde zone 
de detection de couple magnetiquement aniso- 
tropes (12, 13) form^es sur la surface periphe- 
rique exterieure d'un arbre de transmission de 
couple (11) et presentant une anisotrople ma- 45 
gnetique telle que les zones (12, 13) soient 
inclinees dons des directions oppos^es pour 
former des angles par rapport h i'axe de rota- 
tion de I'arbre (1 1 , et 

une premiere bobine et une seconde bobine 50 
de detection (20, 21) capables de detecter des 
variations de permeabilite dans les zones de 
detection de couple magnetiquement anisotro- 
pes (12, 13), et 

des bobines d'excitation (16, 17, 18, 19) pre- 55 
vues respectivement pour les bobines de de- 
tection (20. 21) et les bobines de correction 
(22, 23). et 



des moyens de correction comportant un arbre 
de correction separe de I'arbre de transmission 
(1 1) et libre de charge, et 
une premiere bobine et une seconde bobine 
de correction (22, 23) montees autour de I'ar- 
bre de correction, de sorte que les moyens de 
correction presentent essentiellement les m§- 
mes proprietes magn^tiques que les moyens 
de detection de couple, et sont montes au 
voisinage de ces moyens de detection de cou- 
ple. 

9. Dispositif selon la revendication 8, caracterise 
en ce que : 

I'arbre de correction comporte une premiere 
zone et une seconde zone de correction ma- 
gnetiquement anisotropes (56, 57) sur sa surfa- 
ce peripherique exterieure, ces zones etant 
inclinees dons des directions opposees pour 
former des angles par rapport a I'axe de I'ar- . 
bre de correction, et en ce que 
la premiere bobine et la seconde bobine de 
correction (22, 23) sont montees le long du 
pourtour de la premiere zone et de la seconde 
zone magnetiquement anisotropes (56, 57). 

10. Dispositif selon la revendication 8, caracterise 
en ce que les moyens de correction sont mon- 
tes en un endrolt oij la temperature et les 
autres conditions d'environnement sont essen- 
tiellement les m§mes que cellos de la partie 
de detection de couple. 

11. Dispositif selon la revendication 8, caracterise 
en ce que la bobine d'excitation (16) de la 
premiere bobine de detection (20) et la bobine 
d'excitation (18) de la premiere bobine de cor- 
rection (22) sont associees en serie et bran- 
chees a une premiere source de courant alter- 
natif (27), et en ce que 

la bobine d'excitation (17) de la seconde bobi- 
ne de detection (21) et la bobine d'excitation 
(19) de la seconde bobine de correction (23) 
sont associees en serie et branchees a une 
seconde source de courant alternatif (26). 

12. Dispositif selon la revendication 11, caracterise 
en ce qu'il comprend : 

des moyens (42. 41) pour couper les sorties 
de la premiere source de courant et de la 
seconde source de courant avec un minutage 
convenable pendant la mesure de couple, 
des moyens pour trouver les valours mesurees 
fournies par la premiere bobine et la seconde 
bobine de detection (20, 21) et par la premiere 
bobine et la seconde bobine de correction (22, 
23) lorsque les sources de courant (26. 27) 
sont coupees. et 
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des moyens pour etalonner les donnees mesu- 
rees en soustrayant les lectures des deux bo- 
bines de detection (20, 21) et des deux bobi- 
nes de correction (22, 23), lorsque sont cou- 
pees, des valeurs mesurees fournres par ces 5 
bobines lorsqu'on supprime la coupure des 
sources de courant atternatif. 

13. Dispositif selon la revendication 12, caracterise 

en ce qu'il comprend des moyens pour com- io 
mander Tune des sources de courant (26, 27) 
de fagon que les valeurs etalonnees des don- 
nees mesurees fournies par les deux bobines 
de correction (22, 23) soient egales. 

75 

14. Dispositif selon la revendication 13, caracterise 
en ce qu'il comprend des moyens pour com- 
mander les deux sources de courant (26, 27) 
de fagon que la somme des valeurs etalon- 
nees des donnees mesurees fournies par les 20 
deux bobines de detection (20, 21), soit une 
valeur de reference constante. 

15. Dispositif selon la revendication 14, caracterise 

an ce quMI comprend des moyens qui, avec un 25 
minutage constant, permettent d'effectuer Tune 
des operations cl-apres ou permettent d'effec- 
tuer en serie deux ou plusieurs de ces opera- 
tions : 

operation d'etalonnage des donnees mesurees 30 
fournies par les deux bobines de detection (20, 
21), 

operation de commando de Tune des sources 
de courant (26, 27) de fagon que les valeurs 
etalonnees des donnees mesurees fournies 35 
par les deux bobines de correction (22, 23) 
soient egales, et 

operation de commande des deux sources de 
courant (26, 27) de fagon que la somme des 
donnees mesurees fournies par les deux bobi- 40 
nes de detection (20, 21) soit une valeur de 
reference constante. 

16. Dispositif selon la revendication 15. caract6ris4 

en ce qu'il comprend des moyens (50, 51 , 52) 45 
permettant d'effectuer au molns Tune des trois 
operations a effectuer manuellement a un mo- 
ment quelconque, independamment du minuta- 
ge constant. 

50 

17. Dispositif de mesure d'un couple agissant sur 
un arbre, caracterise en ce qu'il comprend : 
une zone de detection de couple magnetique- 
ment anisotrope (12) formee sur la surface 
p§ripherique exterieure d'un arbre de transmis- 55 
sion de couple (1 1 ) et presentant une anisotro- 

pie magnetique telle que cette zone soit incli- 
nee pour former un angle par rapport a I'axe 
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de rotation de I'arbre de transmission de cou- 
ple (11). 

une zone de correction magnetiquement aniso- 
trope (14) formee sur la surface peripherique 
exterieure de I'arbre (11) au voisinage de la 
zone de detection de couple magnetiquement 
anisotrope (12), et presentant une anisotropie 
magnetique dans une direction parall^le a Taxe 
de rotation de I'arbre (11), 
une bobine de detection (20) et une bobine de 
correction (22) montees respectivement le long 
des pourtours de la zone de detection de 
couple magnetiquement anisotrope (12) et de 
la zone de correction magnetiquement aniso- 
trope (14), comprenant une bobine d'excitation 
a but de detection (16) associee a la bobine 
de detection (20), et une bobine d'excitation a 
but de correction (17) associee h la bobine de 
correction (22), et 

des moyens de commande de la tension d'ex- 
citation appliquee a la bobine d'excitation (17) 
de la bobine de correction (22) pour s'assurer 
que les donnees mesurees fournies par la bo- 
bine de correction (22) soient egales a une 
valeur de reference constante, et pour com- 
mander la tension d'excitation appliquee a la 
bobine d'excitation (1 6) de la bobine de detec- 
tion (20) en correspondance avec la comman- 
de de la tension d'excitation de la bobine d'ex- 
citation (17) de la bobine de correction (22). 

18. Dispositif selon la revendication 17, caracteris§ 
en ce que la bobine d'excitation k but de 
detection (16) et la bobine d'excitation h but 
de correction (17) sont associees en serie et 
branchees a une source de courant (26). 

19. Dispositif selon la revendication 18, caracterise 
en ce qu'il comprend des moyens (42, 41) 
pour couper la sortie de la source de courant 
(26) avec un minutage des moyens pour trou- 
ver les donnees mesurees fournies par la bobi- 
ne de detection et la bobine de correction (20, 
22) lorsque la sortie de la source de courant 
est coupee, et 

des moyens pour etalonner les donnees en 
soustrayant les donnees mesurees fournies par 
la bobine de detection et la bobine de correc- 
tion (20, 22) lorsque la source de courant (26) 
est coupee, des donnees mesurees fournies 
par la bobine de detection et la bobine de 
correction (20, 22) lorsqu'on supprime la cou- 
pure de la source de courant (26). 

20. Dispositif selon la revendication 19, caracterise 
en ce que les moyens de commande de la 
tension d'excitation sont realises pour effectuer 
la commande de fagon que la valeur etalonnee 
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des donnees mesurees fournies ^^la bobine 
de correction (22), soit egale h la vateur de 
reference. 



21. Dispositif salon la revendication 20, caracterise 5 
en ce qu'il comprend des moyens permettant 
d'effectuer avec un minutage constant Topera- 

tion d'etalonnage des donnees mesurees four- 
nies par la bobine de detection et la bobine de 
correction (20, 22), et I'operatlon de comman- 10 
de de la source de courant (26) de faQon que 
la valeur etalonnee des donnees mesurees soit 
fournie par la bobine de correction (22). 

22. Dispositif selon la revendication 21 , caracterise 15 
en ce qu'il comprend des moyens (50, 52) 
permettant d'effectuer Tune des deux opera- 
tions a effectuer manuellement, a un moment 
quelconque independamment du minutage 
constant. 20 
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